AD- A 172  883 


/too  /9&6  9-cH 


STUDIES  OF  ORGANOPHOSPHORUS ,  NITROGEN  AND  SULFUR- CONTAINING  MOLECULES  ON  SURFACES 


Final  Report 


J.  M.  White 

Department  of  Chemistry 
University  of  Texas 
Austin,  Texas  78712 


September  23,  1986 


U.  S.  Army  Research  Office 


DAAG29-83-K-0093 


University  of  Texas 
Austin,  Texas  78712 


CU* 

o 

o 


crs 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


86  10 


7 


MASTER  COPY 


FOR  REPRODUCTION  PURPOSES 


SECURITY  CLASSIFICATION  OF  THIS  page  Data  Entered) 

F  REPORT  DOCUMENTATION  PAGE  read  instructions 

_  _ BEFORE  COMPLETING  FORM 

I  REPORT  NUMBER  |2.  GOVT  ACCESSION  NO.”  RECIPIENT’S  CATALOG  NUMBER 


4.  TITLE  (and  Subtltla)  5.  TYPE  OF  REPO 

Studies  of  Organophosphorus ,  Nitrogen  and  Sulfur-  Final  Report 

i/_i _ t  n  r  1  C  inn 


■Containing  Molecules  on  Surfaces 


_ N/A _ __ _ 

5.  type  of  report  a  period  covereo 


June  15,  1983-June  14,  1986 

6.  PERFORMING  ORG.  REPORT  NUMBER 


17.  AUTHORS 

J.  M.  White 


I  8.  CONTRACT  OR  GRANT  NUMBER^*; 

DAAG29-83-K- 0093 


9  PERFORMING  ORGAN!  ZATION  NAME  AND  ADDRESS 

Department  of  Chemistry 
University  of  Texas 
Austin,  TX  78712 

H.  CONTROLLING  OFFICE  NAME  AND  AOORESS 

U.  S.  Army  Research  Office 
Post  Office  Box  12211 


10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  &  WORK  UNIT  NUMBERS 


12.  REPORT  DATE 


September  23,  1986 

13.  NUMBER  OF  PAGES  = 


*  MONITORING  AGENCY^  AM  Eft  AO  tSRESSflf  differ en  t  from  Controlling  O/fIco)  VS.  SECURITY  CLASS  (of  thla  raport) 

Unclassified 

15a."  DECLASSI  FI  CATION /DOWNGRADING” 
SCHEDULE 

1«-  DISTRIBUTION  STATEMENT  (of  thla  Report)  J 

Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (of  the  abatract  entered  In  Block  20.  It  different  from  Report) 


18.  SUPPLEMENTARY  NOTES  '  “ — - 

The  view,  opinions,  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy,  or  decision,  unless  so 
— — rie.fi  1  rnat.e.d  hy  other  dornmpnLirinn. _ 

1».  KEY  WORDS  (Continue  on  revarea  aide  It  nacaaaary  and  Identify  by  block  number) 

Surface  Chemistry,  Organophosphorus  Compounds,  Organosulfur  Compounds, 
Phosphine,  Dimethyl  methylphosphonate ,  Rhodium,  Iron  Oxide,  Silicon  Dioxide 


[20.  ABSTRACT  CCoarttnua  < 


•<trjr  and  Identify  by  block  number) 


^This  research  program  encompasses  a  broadly  based  surface  chemistry 
study  of  organophosphorus  and  organosulfur  compounds  chemisorbed  on  and 
reacting  at  metal  and  metal  oxide  surfaces.  Particular  attention  has  been 
given  to  phosphine  and  dimethyl  methylphosphonate.  The  interactions  of 
these  molecules  with  iron,  oxidized  iron,  silica  and  rhodium  have  been 
studied.  A  thorough  surface  science  study  of  sulfur  adsorption  on  nickel 
and  its  effect  on  CO  chemisorption  has  also  been  completed. „ 


DO  f09m 

W  *  JAM  71 


1473  edition  of  i  nov  ss  is  obsolete 


lrNC!  ASS  1  F I  Kl> 


SECURITY  CL  ASSlFtC  ATfON  OF  THIS  RAC.f  fWMm  fnl.rmfl 


The  work  accomplished  on  this  project,  entitled  ’’Studies  of 
Organophosphorus,  Nitrogen  and  Sulfur-Containing  Molecules  on  Surfaces”  is 
summarized  in  the  following  set  of  eight  abstracts  which  represent  papers 
which  are  either  published  or  in  press  from  this  work.  All  of  these  have 
been  submitted  as  technical  reports  to  ARQ.  Perhaps  the  major 
accomplishment  in  this  work  is  the  successful  handling  of  dimethyl 
methylphosphonate  in  the  context  of  ultrahigh  vacuum  surface  science 
experiments.  This  work  is  summarized  in  abstracts  numbers  6  and  8. 


Accenct  mi  Vor 


1.  R.  I.  Hegde  and  J.  M.  White,  "Surface  Chemistry  of  Phosphine  on  Clean 
and  Oxidiz  d  Iron,"  J.  Phys.  Chem.  90(1986)2159* 

The  interaction  of  PH3  adsorbed  on  clean  and  oxidized  iron  at  100  K  has 
been  studied  by  temperature  programmed  desorption  (TPD)  and  Auger  electron 
spectroscopy  (AES).  In  TPD  after  PH3  adsorption  on  clean  iron,  both 

molecular  desorption  and  dissociative  processes  are  evident.  On  oxidized 
iron,  the  dissociation  of  PH3  is  inhibited.  Coadsorption  of  D2  and  PH3 

leads  to  no  detectable  deuterium  incorporation  in  the  desorbing  phosphine, 
but  all  the  isotopic  forms  of  molecular  hydrogen  desorb  in  relatively  large 
amounts.  Preadsorbed  PH3  inhibits  D2  adsorption,  while  postdosed  PH3  not 
only  displaces  D2  but  also  changes  its  desorption  peak  shape.  Compared  to 
clean  Fe,  adsorption  of  D2  is  strongly  inhibited  both  on  oxidized  and 
PH3-covered  oxidized  iron  surfaces  at  100  K. 

2.  E.  L.  Hardegree,  Pin  Ho  and  J.  M.  White,  "Sulfur  Adsorption  on  Ni(100) 

and  Its  Effect  on  CO  Chemisorption.  I.  TDS,  AES  and  Work  Function 

Results,"  Surface  Sci.  165(1 986)488. 

The  adsorption  of  H^S  on  Ni(100)  at  300  K  was  investigated. 
Adsorption  is  dissociative  and  proceeds  via  a  mobile  precursor,  with  sulfur 
strongly  chemisorbed  and  hydrogen  desorbing  both  during  the  dose  and  upon 
subsequent  heating.  Chemisorbed  sulfur  causes  an  increase  in  surface  work 
function  due  to  charge  transfer  of  about  0.0*1  e  from  nickel  to  sulfur.  The 
adsorption  of  CO  at  95  K  was  studied  on  the  sulfur-predosed  surface  using 

AES,  TDS  and  work  function  change  measurements.  Evidence  is  presented  for 

steric  and  relatively  short-range  (-4A)  electronic  effects  of  S  on  CO.  One 
sulfur  blocks  two  high-temperature  (82)  CO  sites  by  steric  (site-blocking) 
effects.  In  the  presence  of  sulfur,  CO  redistr ibutes  into  several 
lower-temperature  desorption  states,  some  of  which  exist  on  regions  of  bare 
Ni,  and  some  within  sulfur  domains.  At  a  sulfur  coverage  of  0.40  ML,  a  new 
CO  state  at  140  K  was  observed  which,  unlike  the  other  CO  states,  caused  a 
slight  decrease  in  the  surface  work  function.  The  behavior  of  this  state  is 
explained  in  terms  of  reduced  back-donation  from  the  metal  due  to  close 
association  of  the  CO  with  sulfur.  Several  proposed  modes  for  sulfur’s 
action  are  evaluated  on  the  basis  of  the  data.  These  include  steric 
effects,  a  through-space  electrostatic  potential,  and  a  through-metal 
electronic  effect  involving  density  of  state  changes. 


3.  Pin  Ho,  E.  L.  Hardegree,  and  J.  M.  White,  "Sulfur  Adsorption  on  Ni(100) 
and  Its  Effect  on  CO  Chemisorption.  II.  UPS  and  XPS  Results,"  Surface 
Sci.  165(1986)507. 

The  adsorption  of  CO  on  sulf ur-predosed  Ni(100)  at  95  K  was  studied 
using  ultraviolet  and  X-ray  photoelectron  spectroscopies.  For  sulfur 
coverages  below  0.22  ML,  CO  (B2  and  a)  adsorbed  predominantly  on  regions  of 
bare  Ni,  with  a  induced  by  repulsive  CO-CO  interactions.  For  >  0.22,  a 
and  CO  adsorbed  predominantly  within  the  sulfur  domains,  and  exhibited  a 
reduction  in  Ni-CO  backbonding.  By  6  =  40,  a  weakly  bound  CO  state  formed 

(denoted  here  as  o).  The  close  association  of  o  CO  with  sulfur  resulted  in 
greatly  reduced  (or  nonexistent)  backbonding  and  poor  final  state  relaxation 


from  the  metal. 


^ *  R.  I.  Hegde  and  J.  M.  White,  "Chemisorption  and  Decomposition  of  H2S  on 
Rh(100),"  J.  phys.  Chem.  90(1986)296. 

The  chemisorption  and  decomposition  of  H2S  adsorbed  on  Rh(IGO)  at  100K 
have  been  studied  by  thermal  desorption  and  Auger  electron  spectroscopy. 
Hydrogen  sulfide  exposure  to  clean  Rh(100)  leads  to  both  molecular 
desorption  and  dissociative  processes  upon  heating.  On  sulfur-covered 
rhodium,  there  is  less  decomposition  of  H2S.  The  adsorption  of  H2S  at  300  K 
is  completely  dissociative  and  hydrogen  desorbs  during  exposure. 
Preadsorbed  D(a)  does  not  alter  the  desorption  energetics  of  H2S. 
Coadsorption  of  D  and  H2S  leads  to  no  detectable  deuterium  incorporation  in 
desorbing  hydrogen  sulfide  but  the  isotopic  forms  of  molecular  hydrogen  all 
desorb  in  relatively  large  amounts.  Preadsorbed  D(a)  inhibits  the 
decomposition  of  H2S.  Postdosing  H2S  does  not  displace  D(a)  from  the 
surface  at  100  K  but  does  shift  the  deuterium  desorption  to  significantly 
lower  temperatures. 


5.  Rama  I.  Hegde  and  J.  M.  White,  "Interaction  of  PH3  Coadsorbed  with  H2, 
D2,  02  and  H20  on  Rh(t00)f"  Surface  Sci.  ]57_(  1 985)  1 7 . 

The  coadsorption  of  PH3  with  H2,  D2,  02  and  H20  on  Rh(100)  has  been 
studied  using  temperature  programmed  desorption  (TPD),  Auger  electron 
spectroscopy  (AES)  and  low  energy  electron  diffraction  (LEED).  The 
adsorption  and  molecular  desorption  of  PH3  is  not  affected  by  preadsorbed 
H2,  D2  and  02.  Preadsorbed  PH3  blocks  Hz  desorption  sites  while  postdosed 
PHa  displaces  H2  (D2)  from  the  Rh(100).  When  D*  and  PH3  are  coadsorbed,  no 
D  appears  in  desorbed  phosphine.  Preadsorbed  0,  reduces  the  amount  of  H2 
desorption  (from  PH3  decomposition)  and  increases  the  H2  desorption 
temperature.  There  is  also  some  reaction  between  0(a)  and  H(a)  to  form 
water.  Preexposure  to  H20  decreases  the  extent  of  PH3  adsorption  and  of 
PH 3  decompose  tion. 


6.  R.  I.  Hegde,  C.  M.  Greenlief  and  J.  M,  White,  "  The  Surface  Chemistry  of 
Dimethyl  Methyl  Phosphorate  (DMMP)  on  Rh(100),"  J.  Phys.  Chem. 
890985)2886. 

The  adsorption  of  dimethyl  methyl  phosphonate  (DMMP)  has  been  studied 
on  clean  and  carbon-covered  Rh(100)  surfaces.  Temperature-programmed 
desorption  (TPD),  X-ray  photoelectron  spectroscopy  (XPS),  ultraviolet 
photoelectron  spectroscopy  (UPS),  Auger  electron  spectroscopy  (AES)  and  work 
function  charge  ( A4> )  measurements  were  used  to  characterize  the  adsorbed 
layer  as  a  function  of  temperature.  At  100  K  the  DMMP  adsorbed  into  two 
states,  a  monolayer  phase  and  a  multilayer  phase  which  were  distinguishable 
by  TPD  and  spectroscopy  measurements.  For  one  monolayer  of  DMMP  on 
carbon-free  Rh(IOO),’1  between  60  and  70%  decomposes  upon  heating,  leaving 
carbon,  phosphorus  and  oxygen  on  the  surface .  On  carbon-covered  Rh,  the 
decomposition  of  DMMP  is  strongly  inhibited.  On  carbon-free  Rh,  there  are 
two  distinct  molecular  DMMP  desorption  peaks  at  210-225  and  200  K  (monolayer 
and  multilayer)  with  first-order  desorption  energies  of  13.8  and  8.6 


kcal/mole,  respectively.  On  the  C-covered  surface,  the  higher  temperature 
DMMP  desorption  peak  shifts  to  slightly  lower  temperature.  XPS  of 
multilayer  and  monolayer  DMMP  indicate  some  dissociative  adsorption  at  100 
K.  UPS  of  multilayer  and  gas  phase  DMMP  are  compared.  A  bonding 
conf iguration  of  DMMP  to  the  Rh(100)  surface  is  proposed. 


7.  R.  I.  Hegde,  J.  Tobin  and  J.  M.  White,  "Surface  Chemistry  of 

Phosphorus-Containing  Molecules:  I.  Interaction  of  PH3  with  Rh(100)  and 
the  Effect  of  Preadsorbed  Phsophorus,"  J.  Vac.  Sci.  Technol. 

A3(1985)339. 

The  interaction  of  Ptt3  with  Rh(100)  has  been  investigated  using 
temperature  programmed  desorption  spectroscopy,  Auger  electron  spectroscopy, 
low  energy  electron  diffraction  and  work  function  change  measurements.  A 
mobile  precursor  state  is  involved  in  the  adsorption  kinetics  at  100  K.  The 
overlayer  is  saturated  after  an  exposure  of  3  L,  at  which  point  the  work 
function  has  decreased  by  1.2  eV,  indicating  adsorption  through  the 
phosphorus  atoms.  Heating  the  crystal  above  100  K  desorbs  molecular  PH3  and 
H2  and  leaves  adsorbed  phosphorus  atoms  on  the  surface.  The  PH3  thermal 
desorption  spectra  show  a  coverage-dependent  adsorption  energy  associated 
with  repulsive  lateral  interactions  between  the  adsorbed  molecules.  There 
are  two  thermal  desorption  states  of  hydrogen,  one  of  which  is 
characteristic  of  hydrogen  on  clean  Rh(100).  Preadsorbed  phosphorus  atoms 
partially  passivate  the  surface,  preventing  PH 3  decomposition  until  higher 
temperatures  are  reached.  Preadsorbed  phosphorus  also  reduces  the  capacity 
of  the  surface  for  H2  adsorption,  but  does  not  alter  the  activation  energy 
for  H2  desorption. 

8.  M.  A.  Henderson,  T.  Jin  and  J.  M.  White,  "A  TPD/AES  Study  of  the 
Interaction  of  Dimethyl  Methylphosphonate  with  a-Fe203  and  Si02,"  J. 
Phys.  Chem.  (in  press). 

The  interaction  of  dimethyl  methylphosphonate  (DMMP)  dosed  at  170  K 
onto  Si02  and  a-Fe203  was  studied  using  temperature  programmed  desorption 
(TPD)  and  Auger  electron  spectroscopy  (AES).  On  dehydrated  Si02  there  was 
no  DMMP  decomposition  and  there  were  two  DMMP  TPD  peaks,  a  multilayer  state 
at  200-210  K  and  a  monolayer  state  at  75  K.  On  hydrated  Si02,  no  more  than 
1 0%  of  a  monolayer  decomposed  and  the  only  detectable  TPD  products  were 
methylphosphonate  (MP)  and  methanol.  On  clean  a-Fe203,  multilayer  DMMP  was 
observed  but  no  molecular  peak  corresponding  to  the  monolayer. 
Decomposition  led  to  C02,  CH30H,  HC00H,  H2,  H20  and  an  adsorbed  phosphate 
species.  The  presence  of  the  phosphate  species  did  not  completely  inhibit 
the  decomposition  of  subsequent  doses  of  DMMP  even  after  saturation  of  the 
AES  P(1 14)/Fe(703)  signal  ratio  at  0.^5  to  0.55.  The  AES  P(1 1 H)/Fe(703) 
signal  ratio  decreased  at  temperatures  above  600  K.  Migration  of  the 
phosphorus  to  an  iron  oxide  -  phosphate  phase  below  the  surface  is  proposed 
to  explain  the  continued  DMMP  decomposition. 


